Introduction {#Sec1}
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Vitiligo is a skin disease characterized by the loss of pigment in patches of skin^[@CR1]^. Approximately 1% of the world's population is affected by vitiligo, and in some countries, this percent can be as high as 2--3%^[@CR2]^. In general, there is no significant difference in gender for susceptibility to vitiligo. Approximately half of vitiligo patients develop this disorder before 20 years old, and the age of onset of vitiligo for most patients is before 40^[@CR1]^. Currently, there is no cure for vitiligo but several treatment options can relieve the symptoms^[@CR1]^. In addition, vitiligo patients may experience depression and relevant mood disorders due to the potential for discrimination from society.

Multiple hypotheses have been proposed for the etiology of vitiligo, and changes in the human immune system are considered to be among the most important causes^[@CR1]^. Previous studies have shown that vitiligo is a complex disorder that is influenced by both environmental and genetic factors. Multiple genes contributed to the onset of this disease^[@CR3],[@CR4]^; the heritability was approximately 46--72%^[@CR5],[@CR6]^. In recent decades, candidate gene-based association studies have successfully mapped susceptibility for many complex diseases^[@CR7]--[@CR13]^. Genome-wide association studies have found multiple loci that contribute to the susceptibility of vitiligo. 48 loci have been reported in Caucasians, and a number more in Han Chinese^[@CR14]--[@CR16]^. Despite these findings, these loci explain only approximately 25% of the genetic risk of developing vitiligo. More research is needed to fully unravel the genetic mechanisms of vitiligo^[@CR17]--[@CR19]^.

*GZMB* is a protein coding gene that is located at 14q12 and has 5 exons, with a length of 3320 bp. The protein product of *GZMB* is an enzyme (Granzyme B) that plays an important role in the process of apoptosis induced by cytotoxic T cells^[@CR20],[@CR21]^. In a recent GWAS study conducted by Jin *et al*. examining European populations, the SNP rs8192917 in *GZMB* was found to be significantly associated with vitiligo^[@CR16]^. However, this finding has not been replicated in other populations. In this study, we aimed to investigate the potential association between polymorphisms of *GZMB* and vitiligo using 3,120 study subjects with Chinese Han ancestry. Including rs8192917, a total of 15 SNPs were selected for genotyping. The biological functions of targeted SNPs were examined further by bioinformatic analyses. Our results would provide clues for understanding the roles of *GZMB* in the genetic predisposition of vitiligo.

Methods {#Sec2}
=======

Study Subjects {#Sec3}
--------------

In this study, 973 unrelated patients with vitiligo and 2,147 age- and gender-matched unrelated controls were recruited from the dermatological department of the Second Affiliated Hospital of Xi'an Jiaotong University. We only included Han Chinese patients who were born in the local area in an effort to have a genetically homogenous cohort of individuals. None of the patients had been subjected to any therapy in the 6 months prior to sampling. None of the healthy subjects showed any clinical evidence or family history of vitiligo or of any other autoimmune disorder. Vitiligo was clinically characterized in patients as segmental and non-segmental. Segmental vitiligo was diagnosed if the disease followed a dermatomal distribution, which involves one segment of the skin and shows early hair whitening and rapid progression. Active vitiligo was defined as the appearance of new lesions or the enlargement of existing lesions in the 3 months before presentation. Written informed consent was obtained from each subject. This research was performed in accordance with the ethical guidelines of the Declaration of Helsinki (version 2002) and was approved by the Ethics Committee of Xi'an Jiaotong University. The characteristic information of the study subjects is summarized in Table [1](#Tab1){ref-type="table"}. No significant differences in distribution in cases and controls were identified for the age or gender of the study subjects.Table 1Characteristics information of study subjects.Controls (N = 2,147)Cases (N = 973)Statistics*P*Age, mean ± sd25.7 ± 8.925.7 ± 8.8t = −0.220.8235Gender (%)  Male1,258 (69)575 (31)  Female889 (69)398 (31)χ^2^ = 0.050.8222Onset Age (%)  \<20---565 (58)  \>=20---408 (42)Stage (%)  Active---776 (80)  Stable---197 (20)Type (%)  Segmental---80 (8)  Non-Segmental---893 (92)Family History (%)  Yes---141 (14)  No---832 (86)Autoimmune Diseases (%)  Yes---20 (2)  No---953 (98)

SNP Selection and Genotyping {#Sec4}
----------------------------

SNPs with a minor allele frequency (MAF) \>0.01, heterozygosity \>0.2 and located within the GZMB gene region were extracted for genotyping based on the 1000 genome CHB data. Overall, 15 SNPs were obtained. Genomic DNA was extracted from peripheral blood leukocytes according to the manufacturer's protocol (Genomic DNA kit, Axygen Scientific Inc., CA, USA). Genotyping was performed for all SNPs using the MassARRAY platform (Sequenom, San Diego, CA, USA). The genotyping results were generated and processed by using Typer Analyzer software (Sequenom)^[@CR22]^. The final genotyping call rate for each SNP was greater than 99%, and the overall genotyping call rate was 99.9%. The quality of our genotyping results ensured the reliability of further statistical analyses.

Statistical analyses {#Sec5}
--------------------

MAFs were calculated and Hardy-Weinberg equilibriums were tested for each SNP. Logistic regressions were performed for each SNP to evaluate their potential contributions to the risk of vitiligo. The potential inflation of signals from single markers caused by population stratification were examined by Q-Q plot and a genomic control was applied when necessary. In addition to these single marker-based analyses, we performed haplotype-based analyses to investigate the combinatorial effects of multiple SNPs. The genetic association software Plink was utilized for logistic model regressions^[@CR23]^. Haploview was used to construct linkage disequilibrium (LD) structures and haplotype-based analyses^[@CR24]^. A regional association plot was created by LocusZoom^[@CR25]^. In general, Bonferroni corrections were applied for multiple comparisons. For single marker-based analyses, the threshold of *P* values was 0.05/15 = 0.003.

Bioinformatics analyses {#Sec6}
-----------------------

Two bioinformatics tools were utilized in this study. SIFT^[@CR26]^ was used to evaluate the potential biological significance for targeted SNPs. In addition, the effects of targeted SNPs on gene expressions from multiple normal human tissues were examined using the GTEx database^[@CR27]^. Relevant plots were made using the R project ggplot package^[@CR28]^.

Results {#Sec7}
=======

A missense SNP, rs8192917 (Arg55Gln), was identified to be significantly associated with status of vitiligo in our study subjects (Fig. [1](#Fig1){ref-type="fig"}). The C allele of this SNP increased the risk of vitiligo by approximately 40% (OR = 1.39, *P* = 1.92 × 10^−8^, Table [2](#Tab2){ref-type="table"}). The significant association signals of this SNP were identified in all three genetic modes, although the additive mode seemed to be most powerful. No other SNP showed significance in single marker-based association analyses. The LD structures constructed using data from the 15 genotyped SNPs are shown in Supplemental Fig. [S1](#MOESM1){ref-type="media"}. Two 2-SNP LD blocks, including rs2236337-rs2236338, rs6573910-rs6573911, were identified, and no significant LD blocks were found in the haplotype-based analyses (Supplemental Table [S1](#MOESM1){ref-type="media"}). The Q-Q plot was made based on the results of single marker-based association (Supplemental Fig. [S2](#MOESM1){ref-type="media"}). No significant inflations of association signals can be identified from this plot.Figure 1Regional association plot of 15 genotyped SNPs with vitiligo. The most significant SNP (rs8192917) was used as reference to calculate the *r*^2^.Table 2Results of single marker based analyses.CHRSNPPOSA1MAFHWEFUNCOR_ADD*P*\_ADDOR_DOM*P*\_DOMOR_REC*P*\_REC22rs223633724631041C0.350.89untranslated-30.970.6080.960.5900.970.81022rs223633824631076G0.291.00missense1.020.7291.020.7771.040.77122rs7434510624631185T0.021.00missense0.920.6980.920.698NANA22rs657391024631676T0.290.72intron0.980.7810.980.8440.960.77422rs657391124631727T0.330.77intron1.020.7161.020.8141.050.68922rs7140586724632191G0.171.00intron1.020.8161.000.9731.200.41222rs112663924632342A0.290.88coding-synon0.980.7920.990.8660.960.76022rs1153975224632383C0.290.60missense0.980.7550.980.8100.960.77222rs1090962524632423C0.291.00coding-synon1.030.6471.030.6711.040.76822rs1087321924632500T0.180.77intron1.020.7431.010.8661.130.57822rs5926843924632691T0.120.84intron0.950.5620.970.7090.710.34622rs967145424632850C0.040.17intron0.960.7870.960.7551.100.891**22rs819291724632954C0.290.78missense1.391.92 × 10** ^**−8**^**1.433.73 × 10** ^**−6**^**1.822.77 × 10** ^**−6**^22rs227384324634203C0.160.87intron1.040.6051.030.7671.210.40722rs227384424634208A0.290.92intron1.040.5161.050.5341.050.703CHR: chromosome; POS: position of SNPs; A1: tested allele; HWE: *P* values of Hardy-Weinberg Equilibrium; FUNC: functional location of SNP; OR_ADD and *P*\_ADD: odds ratio and *P* values for SNP coded as additive mode; OR_DOM and *P*\_DOM: odds ratio and *P* values for SNP coded as dominant mode; OR_REC and *P*\_REC: odds ratio and *P* values for SNP coded as recessive mode. Significant hit was highlighted in bold.

The eQTL data for rs8192917 extracted from GTEx showed that this SNP was significantly associated with gene expression of *GZMB* in human tibial nerve tissue (*P* = 0.000074, Effect size = 0.28, Supplemental Fig. [S3](#MOESM1){ref-type="media"}). The result of biological function analyses on rs8192917 using SIFT was "tolerated", which indicated that this missense SNP would still have a very limited impact on a protein with this mutation.

Discussion {#Sec8}
==========

In this study, we evaluated the genetic association between 15 polymorphisms of *GZMB* and diagnosis with vitiligo based on 3,120 study subjects with Chinese Han ancestry. The results of our single marker-based analyses showed that the C allele of rs8192917indicates an approximately 40% increase in the risk of developing vitiligo in a Chinese population. Compared to an OR of 1.28, as reported by Jin *et al*. in their GWAS meta analyses on European populations^[@CR16]^, our result was slightly higher, at 1.39. This difference may be due to the different ethnicities of the study subjects. The direct effect of this SNP in both studies was the same. In the European populations, researchers have identified a very high LD pattern among the three non-synonymous SNPs (rs8192917, rs11539752 and rs2236338), resulting in alternative protein haplotypes QPY/RAH^[@CR29]^. Considering that it is insufficient to draw a reliable conclusion from some SNPs analyses^[@CR30]--[@CR32]^, we conducted haplotype analyses and identified a clue for this LD pattern among the three SNPs. However, the LD among these SNPs were not as strong as identified from Europeans. This difference might be due to the difference in population background.

There are several limitations in this study. First, we included only SNPs located within the *GZMB* gene region. However, for most complex disorders, gene expression are often affected by variations located in upstream or downstream regulatory regions (±30 kb) of the targeted gene. Second, the length of *GZMB* is approximately 3,000 bp. Based on data from the 1000 genome project, a rough estimation of the genetic variations in this gene is approximately 300. It is thus impossible to capture all the genetic information of *GZMB*. Furthermore, in order to restrict population stratification we have recruited samples by restricting the subjects with a stable living region^[@CR33],[@CR34]^, but the potential population stratification could not be excluded completely. Therefore, in future studies, DNA sequencing of the upstream and downstream regulatory regions of *GZMB* will be necessary to fully evaluate the genetic contributions to the risk of vitiligo.

In summary, we conducted a candidate gene-based association study to investigate the potential genetic contributions of *GZMB* to the susceptibility of vitiligo. The association signal was identified by single marker-based analyses for a non-synonymous coding SNP rs8192917. Our positive results provide additional supportive evidence that *GZMB* gene is an important locus for vitiligo in Han Chinese population, and are useful for informative assessment of genetic risk for vitiligo in Han Chinese individuals. Given of unknown complex mechanisms in the etiology of vitiligo, followed-up sequencing-based research would be desired in the future to investigate the genetic architecture of the genomic region of *GZMB* and its relationship with vitiligo-related phenotypes.

Electronic supplementary material
=================================

 {#Sec9}

Supplemental materials

**Publisher\'s note:** Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Electronic supplementary material
=================================

**Supplementary information** accompanies this paper at 10.1038/s41598-018-31233-8.

Authors Xu M.F. and Xiao S.X. conceived and designed the study. Xu M.F. and Chen G. carried out candidate SNPs selection and statistical analyses. Xu M.F., Liu Y., Liu Y.L. and Li X.L. conducted subject screening. Xu M.F., Liu Y., Liu Y.L., Li X.L. and Dong W. contributed to the collection and preparation of control DNA samples. Xu M.F. wrote the paper.

Competing Interests {#FPar1}
===================

The authors declare no competing interests.
